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SUMMARY 

The NASA Lewis Research Center is currently engaged in a Brayton-Cycle space 
power technology program. The Brayton power conversion system is expected to 
have applicability for both solar and radio-isotopes space power systems in the 
net power range of 2.25 to 10 .5  KWe at 1200 Hertz. 

The Brayton rotating unit (BRU) of the Brayton PCS is a constant speed single shaft 
unit. The 1200 Hertz alternator shaft is supported by gas bearings with a compressor 
overhung on one end of the single shaft and a turbine overhung on the other end of the 
single shaft. 

The constant speed of the Brayton BRU is maintained by a frequency sensitive para-  
si t ic type speed control on the electrical output of the alternator.  As  the net shaft 
input power from the turbine varies o r  a s  the demand for useful vehicle load varies, 
the speed control maintains a constant shaft speed by dissipating the excess gener- 
ated power into an electrical  parasitic load. Therefore, with a constant input power 
to the alternator, the output on the alternator is maintained constant by varying the 
amplitude of the parasit ic load so  that the sum of the useful vehicle load and the para-  
s i t ic  load is constant. 

The parasitic load, o r  Parasitic Load Resistor (PLR) consists of nine sections. Each 
section is capable of absorbing 2 kw of electrical power at  120 Volts potential and 
1200 Hertz. Each section is also capable of rejecting the 2 kw of electrical power 
by radiation to space in a hard vacuum. 



INTRODUCTION 

Previous work by the contractor on parasitic load res i s tors  for the NASA SNAP-8 
Program led to the selection of tubular metal sheath electric heaters a s  the basic 
energy dissipating unit. This is commonly known as  the tubular electric heater 
throughout industry and is an effective means of converting electrical energy to 
heat energy and an effective means of radiating that heat energy. To meet the r e -  
quirements of the Brayton Program the attachment of these basic res is tor  elements 
(tubular electric heaters) to a radiating plate to provide mechanical supporting 
s t ructure  a s  well  as  a suitable physical configuration for  radiation led to the design 
concept of furnace brazing the res i s tor  elements into radiator plates.  The selection 
of nine individual plates, each containing three resis tor  elements, was dictated by 
the number of steps desired in the parasitic load. Each section is f r ee  to expand 
and contract independently of the other sections, 

A nominal surface temperature of 1250°F was selected as one which would give a 
temperature potential for heat radiation without incurring a penalty for excessive 
weight in the unit because of reduced strength of materials at  high temperatures,  

DESIGN 

Heat Engineering & Supply Company drawing No. 12193 -5, sheets 1 through 4 shows 
the final design configuration, Heat Engineering & Supply Company photograph No, 
12193-1 gives an overall view of a complete PLR assembly, The detailed design calcu- 
lations a r e  given in the Appendix, pages 1 through 23. 

On drawing 12193-5, sheet 1, it will be noted that the radiating plates a r e  supported by 
bolting to titanium mounting channels. This arrangement provides a thermal as  well as  
an electrical isolation from the space vehicle. The bolting of the resis tor  plates to the 
titanium mounting channels is shown in detail on sheet 3.  Micamat insulation has been 
provided between the res i s tor  plate and the mounting channel, and Micainat bushings 



have been used under the titanium bolt and nut to res t r ic t  the flow of heat from the 
radiator plate into the titanium mounting channel, 

Titanium gussets a r e  used in s ix  places. on each of the titanium mounting channels. 
These gussets were added at a weight penalty after s t r e s s  analysis showed that such 
reinforcement was necessary to meet the design parameters ,  

Meteorite shields have been attached over each electrical connector of each Calrod 
res i s tor  element. The electrical connector at each end of each resis tor  element is 
a ceramic to metal hermetic seal .  This seal  assembly would be susceptible to damage 
fromirrpact of meteorites and i t  is even possible that dust could collect on the ceramic 
insulator portion of the seal and thereby form a short  circuit path from the connector 
portion of the seal  to the grounded portion which is welded to the sheath of the Calrod 
resis tor  element. These meteorite shields a r e  fabricated of stainless steel tubing and 
a r e  welded to a suitable bushing which in turn is welded to the sheath of the Calrod re- 
s i s tor  element a s  shown on sheet 2 of drawing 12193-5. 

The use of the relatively fragile hermetic seals  is not dictated by the space environment 
but ra ther  by the need to  prevent the absorbtion of moisture from the a i r  while the PLR 
is in the ear th 's  atmosphere. The magnesium oxide used to insulate the resis tor  wire 
from the resis tor  sheath (and at  the same  time conduct heat from the wire to the sheath) 
readily absorbs moisture f rom the a i r ,  This moisture can have the simple effect of r e -  
ducing the insulation resistance from wire to sheath. Also, under very humid atmos - 
phere conditions, enough moisture can be absorbed into the magnesium oxide to create  
a hazardous s team pressure  within the res i s tor  when it is energized. The ceramic to 
metal type of hermetic seal  is the only one known today capable of meeting the require- 
ments of this application. 

Flexible nickel braid is used for the electrical connections between the individual r e  - 
sis tor  elements. The selection of nickel over a more  common conductor such as  copper 
was made because of the requirement to weld rather  than hand torch braze the points of 
electrical connection. The cold terminal of the individual res is tor  elements and the 
metallic cap portion of the ceramic to metal sea l  a r e  both pure nickel. Therefore, nickel 
was selected a s  an ideal metal for the flexible braid electrical connections, Fiberglass 
sleeving is installed over the flexible nickel braid in those areas  which a r e  not covered 
by the meteorite shield. This is done to prevent a possible build up of meteorite dust 
on the conductor which could possibly lead to an electrical short  circuit .  

Sheet 4 of drawing 12193-5 shows that each group of three resis tor  elements comprising 
the elements of a given radiator plate a r e  wired in a single phase, parallel configuration. 
This allows the PLR to provid three,  balanced, three phase inclements of electrical load. 



PROTOTYPE TESTING 

It was recognized at the s t a r t  of the contract that prototypes would have to be built 
and evaluated to prove the design calculations before the full quantity of PLR assem - 
blies could be manufactured. The most important considerations to be proved by 
prototype evaluation were the brazing method, the ability of the radiator plates to 
remain dimensionally stable in thermal cycling operation, the temperaturc uniformity 
that could be expected in the radiator plates and the adequacy of the iron titanate coat - 
ing to  withstand the service.  This question of the iron titanate coating was particularly 
relevant because the subcontractor, Plasmadyne, although having had many years of 
experience with plasma coating, had never used this specific compound. Further, the 
work performed by Pratt & Whitney Aircraft under contract to  NASA did not involve 
testing the coating as applied to a heat generator; the samples coated and tested by 
this contractor were heated by an external heat source in a vacuum chamber and there- 
fore  experienced much slower changes of temperature than were to be expected with 
the PLR under this contract. 

It was decided to  test  a radiator plate assembly for temperature Uniformity in operation 
and dimensional stability, then have that same plate, if satisfactory, plasma sprayed 
with the iron titanate and repeat the thermal cycling tests with the coating in place. 

As reported in "Discussion of Test Procedures and Results" the initial tests on the proto- 
types for  temperature uniformity and dimensional stability were excellent, 

The prototype was  then grit-blasted and plasma sprayed with the iron titanate coating. 
The  appearance of the coating was excellent with only one or  two small  pitted areas 
detectable under microscopic examination. In consultation with the subcontractor, 
Plasmadyne, these pits were caused by an operational procedure which could be changed 
and the surface defect avoided on the production units. It was further learned that r e -  
pairing such a surface defect is not difficult. 

Tes ts  were conducted on the coated plate by applying 60 Hertz power at  the appropriate 
voltage level. The temperature uniformity of the coated plate appeared excellent, a1 - 
though no different from the tests run on the uncoated surface.  The test  was  continued 
for  four hours at full power with a surface temperature in excess of 1300 O F ,  It was the 
intention to run eight hour tes ts  every day for  several  weeks to be s u r e  that the coating 
was stable and did not experience any detrimental changes because of thermal cycling. 
When the power was removed at the end of this initial four hour run the coating "popped" 
off of the plate in the form of small  flakes and powder, This occuyed uniforinly over the 
ent i re  coated surface.  



The failure of the coating was discussed in a conference with NASA engineers and the 
coating subcontractor, Plasmadyne. The most logical theory presented was that the 
rapid contraction of the radiator plate beneath the coating resulting from the instan- 
taneous removal of power set  up s t r e s ses  that the coating could not stand and it d is-  
integrated. The coating subcontractor offered the possibility of using a "staged coat-  
ing" a s  a solution to the problem. This would involve applying a number of thin coat - 
ings, start ing with pure stainless steel  powder at the radiator surface, then using a 
mixture of ever higher percentages of iron titanate and lower percentages of stainless 
steel powder until the outer surface was pure iron titanate. The contract did not pro- 
vide fo r  the time o r  expense involved in such a development program and the decrease 
in emissivity of an oxidized stainless steel  condition from that of the iron titanate did 
not appear to justify the investment of time o r  expense. 
that a comparable surface condition would be achieved by deliberately oxidizing the plates 
a s  par t  of the contract ,  Therefore the coating was formally deleted from the contract. 

It was, therefore, agreed 
I 

Thermal cycling tes ts  were conducted to determine the dimensional stability of the units 
under repeated heating and cooling, The dimensional change stabilized at a total dis - 
tortion of 0.05'' and after two weeks of continued cycling without any further distortion 
the tests were discontinued as having established that the assembly is dimensionally 
stable under predicted operating conditions, 

In the original concept, it was  planned that radiographic inspection would be used to 
determine the porosity of thg brazed joint between the resis tor  elements and the plates. 
This joint was to have less than 20% porosity as  determined by X-Ray. Three proto- 
type units were built varying the brazing technique and all three appeared to be in ex-  
cess  of minimum specifications as judged by radiographic inspection. However, con- 
tradictory results were obtained from different radiographic inspectors a s  to the per - 
centage of voids in the brazed joint. A c ross  check was made by ultrasonic inspection 
and again contradictory interpretations were given by qualified laboratory inspectors. 
Therefore, it was decided to operate each section at  a temperature substantially in 
excess of operating temperature for a minimum of eight hours and judge the quality of 
the brazing by actual performance rather  than the inconclusive inspection procedures. 
Each section was tested at  a temperature in excess of 1350°F and carefully inspected 
for uniformity of temperature because any detrimental voids in the braze joint would 
cause hot spots.  It was agreed that to be detrimental a hot spot would have to be visible. 
On none of the sections tested was any discontinuity detectable. 

I 



PRODUCTION TESTING 

In consultation with NASA engineers, a plan of test  procedures for  the components 
and assemblies was worked out and s e t  up as a minimum program. This involved 
electrical  testing of the individual Calrod resis tor  elements for  dielectric strength, 
insulation resistance, ohmic resistance and X-Ray examination of the res i s tor  coil 
inside each resis tor  element for  evidence of integrity of manufacture, 

Helium testing was selected as the method for assuring the integrity of the weld of 
the hermetic seal  to the adaptor bushing and the weld of the adaptor bushing to the 
sheath of the individual Calrod res i s tor  element. Helium leak testing was a final 
test  although a preliminary test  using dye penetrant per MIL-1-6866 was to be used 
to detect any gross defects in these same  welds. Helium leak testing would also 
prove the integrity of the hermetic seal itself and this was deemed advisable because 
there are furnace brazed joints inside of the seal which a r e  not visible for  inspection 
by dye penetrant or  other means.  Thus, the helium leak testing would disclose any 
hidden defects in these hermetic s e a l s ,  

For  more detailed discussion refer to  the section "Discussion of Tes t  Procedures 
and Resul ts" .  

DISCUSS ION 0 F CALCULATIONS 

As covered on page 5, previous experience led to the selection of the basic design, that 
of metal sheath tubular heaters,  brazed to a radiating plate for supplementary heat 
transfer surface.  The weight goal of a maximum of 75 pounds set forth in the NASA 
specifications led to the c ros s  section shown on page 13.  Actually this is the final 
machined configuration and the par t  shown was made of plate 3/4" thick with the bulk 
of the material  machined away for lightening. 

Similarly, titanium channels and mounting hardware were substituted for stainless 



I 

steel  in order to accomplish further weight reduction and bring the weight within the 
goal established. 

Once the configuration necessary from a heat transfer stand point and a weight stand 
point had been determined, it was then necessary to evaluate the proposed design from 
a stress basis, using the parameters of shock, vibration and acceleration se t  forth in 
the NASA specifications. The calculations of pages 1 through 23 of the appendix showed 
that the desired configuration would meet the weight and heat transfer requirements and 
would withstand the s t resses  imposed by the predicted flight conditions, 

The one exception to the spress  analysis is the case of the 18 electrodes mounted nine 
to each side channel for the electrical connections to the parasitic load res i s tor .  NASA 
had not defined the harness arrangement to the parasit ic load resis tor ,  but in a "flyable" 
unit these 18 electrodes would be eliminated, These 18 electrodes allow multiple connects 
and disconnects of the parasitic load resis tor  without potential undue s t r e s s  and s t ra in  on 
the ceramic terminals of the resis tor  elements of the parasitic load res i s tor .  

page 10 
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DISCUSSION OF TEST PROCEDURES AND RESULTS 

The temperature profile of one res i s tor  plate was measured carefully to verify the 
predicted temperature uniformity derived on page 22 .  The tes t  setup used is shown 
on page 37 as is the measured temperature profile. 

Because the temperature profile test  was conducted in air ra ther  than in a vacuum, it 
was necessary to operate a t  a substantially higher power level than would be required 
in space to obtain the plate temperature desired.  This is because substantial heat is 
carr ied away from the assembly by natural convection currents  even though steps were 
taken to reduce them as much a s  possible. This increased operating power level in- 
creases the temperature gradient beyond that which will be experienced by radiation 
heat transfer only, Similarly, convection current  accentuates the rate  of temperature 
decay at  the ends of the part  although even in space the heat lost  through the micamat 
insulator and the mounting hardware will cause some temperature decay as well as  the 
heat carr ied out into the cold section of the individual res i s tor  elements.  

In spite of these pessimistic conditions, the measured temperature profile was excellent. 

After the temperature profile was measured, one plate was operated at  this same power 
arid temperature level for  eight hours per  day for two weeks to determine the dimensional 
stability. Each morning, before energizing the plate, it was  s e t  on a flat surface and the 
distortion measured. After the third day of testing, there was  no further measurable 
change in the configuration of the plate and after two weeks this test  was discontinued be-  
cause the dimensional stability appeared to have been established. The distortion shown 
is qui te  reasonable and acceptable to NASA engineers. 

The helium leak testing of the welds of the bushing to the res i s tor  sheath, the seal to the 
bushing as well as the integrity of the brazed joints within the seal was accomplished by 
the spray  method. The vacuum sensing line for the leak detector was attached to the end 
of the seal and at this t ime the weld of the seal to the res i s tor  cold terminal had not been 
accomplished, Therefore, a vacuum pull a t  this point could pull helium in from any leak 
in either of the two welds or  in any of the joints in the seal itself. The helium was care - 
fully sprayed around the joints to  be tested and the leakage r a t e  measured. The number 
of leaks detected was kept to a. minimum by making careful dye-penetrant inspection of 
the two welds before submitting the assemblies for testing but even so  some very small  
leaks were detected and repairs  made as  shown by the certified helium leak test reports .  

After the welding of the nickel braid to the end of the seal, which welding also joined the 
seal to  the cold terminal of the res i s tor ,  there was  no longer any way to conduct a helium 
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leak tes t .  Therefore, a test was devised which was not listed in the NASA specifications, 
wherein the entire assembly was soaked for  24 hours in water.  After removal it was 
necessary to blow the water out of the braid and the fibreglass s lewing  covering it and 
then high potential and insulation resistance tes ts  were conducted to clarify that there 
were no leaks.  In only one case was a leak found and this was in the epoxy potting of one 
of the electrodes and the repair  of the potting corrected this difficulty. 
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DESIGN AND MANUFACTURE OF PARASlTIC LOAD RESISTORS FOR 
BRAYTON POWER CONVERSION SYSTEM 

HEAT ENGINEERING & SUPPLY COMPANY 

ABSTRACT 

The contract covered the design, manufacture and testing of Parasitic Load 
Resistors to dissipate 18 KWe electric power at 120 Volts and 1200 Hertz by 
coverting the electrical energy to heat energy and radiating that energy to 
hard vacuum. 
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